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PERFLUOROELASTOMER COMPOSITIONS 

5 FIELD OF THE INVENTION 

This invention relates to peroxide-curable perfluoroelastomer compositions which 
have excellent processability, and which when cured, have excellent physical properties. 

10 BACKGROUND OF THE INVENTION 

Perfluoroelastomers (elastomeric perfluoropolymers) are polymeric materials 
which exhibit outstanding high temperature tolerance and chemical resistance. 

* 

Consequently, such compositions are particularly adapted for use as seals and gaskets in 
15 systems in which elevated temperatures and/or corrosive chemicals are encountered. They 
are useful in industries such as, chemical processing, semiconductor, aerospace, 
petroleum, etc. 

The outstanding properties of perfluoropolymers are largely attributable to the 
stability and inertness of the copolymerized perfluorinated monomer units which make up 

20 the major portion of the polymer backbone, e.g., tetrafluoroethylene and perfluoro(alkyl 
vinyl) ethers. In order to completely develop elastomeric properties, perfluoropolymers 
are typically crosslinked, i.e. vulcanized. To this end, a small percentage of a cure site 
monomer is copolymerized with the perfluorinated monomer units. Cure site monomers 
containing at least one bromo or iodo group are known. Such cure site monomers, when 

25 combined with a peroxide and a coagent, will provide a suitably cured composition. 

Perfluoroelastomers are very expensive materials, and therefore are only used in 
situations where no other material will do the job. In view of the very high raw material 
costs, scrap rates during the molding operation must be kept to a minimum. Unfortunately, 
perfluoroelastomers are known to be very difficult to process with respect to 

30 compounding, flow characteristics and mold release. When conventional initiators are 
used to produce the polymers (e.g., persulfates) the polymeric end groups are typically of 
an ionic and/or acidic nature. These ionizable polymer end-groups, that are normally 
present, are prone to undesirable reactions with some commonly used additives, (e.g., acid 
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acceptors). Examples of commonly used acid acceptors are zinc oxide, calcium 
hydroxide, calcium carbonate, magnesium oxide, etc. They are used in the compound 
formulation to bind any HF or other acids that might be generated at the high temperatures 
where perfluoroelastomers must function. 

Perfluoroelastomer compounds that show very good processing characteristics are 
much desired. Because many applications for these polymers also require good sealing 
capabilities, the steps to improve processability are preferably not detrimental to critical 
physical properties such as compression set resistance. 

SUMMARY OF THE INVENTION 

The perfluoroelastomers compounds of this invention employ a perfluoroelastomer 
that ,s prepared using an initiator combination of an oxidizer and a perfluoroalkyl sulfinate 
of type R f S0 2 Na. The copolymers prepared in this manner surprisingly can be processed 
hke other elastomer gums. They are easy to process on conventional 2 roll mills, or 
mixing devices, i.e. the mills or mixing devices need not be heated above room 
temperature. Their compound viscosity does not increase when acid acceptors, such as 
Ca(OH) 2 , are added. The perfluoroelastomers also show improved physical properties 
(e.g. compression set resistance). 

One embodiment of the invention provides a peroxide curable perfluoroelastomer 
compound that is easily processable and is essentially free of ionizable end groups. By 
"essentially free" of such groups it is meant that less than 10% of these end groups are 
ionizable groups. The compound of this embodiment comprises: 

A) a perfluoroelastomer containing interpolymerized units derived from 1) a 
perfluoroolefin, 2) a perfluorovinyl ether selected from the group consisting 
of perfluoro(alkyI vinyl) ethers, perfluoro(alkoxy vinyl) ethers, and 
mixtures thereof, and 3) a cure site component containing a halogen group 
capable of participation in a peroxide cure reaction, selected from the group 
consisting of fluorinated olefins having at least one such halogen group, 
fluorinated vinyl ethers having at least one such halogen group, chain ' 
transfer agents containing at least one such halogen group, and initiators 
containing at least one such halogen group, and mixtures thereof; with the 
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proviso that the cure site component contains substantially no nitrile 
groups, and 
B) a peroxide curative. 

In another embodiment, the invention provides a peroxide curable 
5 perfluoroelastomer compound that is easily processable comprising: 

A) a perfluoroelastomer substantially free of ionizable end groups, wherein the 
perfluoroelastomer contains interpolymerized units derived from 1) a 
perfluoroolefin, 2) a perfluorovinyl ether selected from the group consisting 
of perfluoro(alkyl vinyl) ethers, perfluoro(alkoxy vinyl) ethers, and 

10 mixtures thereof, and 3) a cure site component containing a bromine or 

iodine atom capable of participation in a peroxide cure reaction, selected 
from the group consisting of brominated or iodinated olefins having at least 
one such atom, brominated or iodinated vinyl ethers having at least one 
such atom, brominated or iodinated chain transfer agents, brominated or 

15 iodinated initiators, and mixtures thereof; and 

B) a peroxide curative. 

The present invention also provides a method for improving the processability of 
perfluoroelastomers, comprising: polymerizing, under free-radical conditions, an aqueous 
emulsion or suspension of a polymerizable mixture comprising a perfluoroolefin and a 

20 perfluoroalkyl vinyl ether or a perfluoroalkoxy vinyl ether and mixtures thereof, a 
halogen-containing cure-site component capable of participation in a peroxide cure 
reaction, a fluoroaliphatic-radical containing sulfinate, and an oxidizing agent capable of 
oxidizing said sulfinate to a sulfonyl radical, with the proviso that the cure site component 
contains substantially no nitrile groups. 

25 The present invention also provides a method for improving the processability of 

perfluoroelastomers, comprising: polymerizing, under free-radical conditions, an aqueous 
emulsion or suspension of a polymerizable mixture comprising a perfluoroolefin and a 
perfluoroalkyl vinyl ether or a perfluoroalkoxy vinyl ether and mixtures thereof, a 
bromine- or iodine-containing cure-site component, a fluoroaliphatic-radical containing 

30 sulfinate, and an oxidizing agent capable of oxidizing said sulfinate to a sulfonyl radical. 

The invention further relates to cured and uncured articles made from such curable 
compounds. 
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DETAILED DESCRIPTION 

The compositions of the present invention comprise peroxide curable 
5 perfluoroelastomers which are characterized by improved processabi.ity and less reactivity 
to base, These compositions comprise a) a perfluoroelastomer having copoiymerized 
umts of a perfluoroolefln, a perfluorovinyl ether and a cure site component having at least 
one bromme- or iodine-containing moiety, and b) a compound which acts as a curative for 
the perfluoroelastomer. The perfluoroelastomers are substantially free of ionizable end 
10 groups, such as those reactive with bases. This does not preclude the presence of cure 
sites in the perfluoroelastomers needed for crosslinking. 

Examples of suitable perfluorinated olefins useful in the invention include 
tetrafluoroethylene and hexafluoropropylene. 

Examples of suitable perfluorinated vinyl ethers are those of the formula 
'5 CF^CFOCRfO),, (R'fO)^ 

where R f and R' f are different linear or branched perfluoroalkylene groups of 2-6 carbon 
atoms, m and n are independently 0-10, and R f is a perfluoroalkyl group of 1-6 carbon 
atoms. 

A preferred class of perfluoro(alkyl vinyl) ethers includes compositions of the 
20 formula CF 2 =CFO(CF 2 CFXO) n R f 

where X is F or CF 3 , n is 0-5, and R f is a perfluoroalkyl group of 1 -6 carbon atoms. 

Most preferred perfluoro(alkyl vinyl) ethers are those wherein n is 0 or 1 and R f 
contains 1-3 carbon atoms. Examples of such perfluorinated ethers include 
perfluoro(methyl vinyl) ether, perfluoro(ethy. vinyl) ether, and perfluoro(propyl vinyl) 
ether. Other useful monomers include compounds of the formula 

CF 2 =CFO[(CF 2)in CF 2 CFZO] n R f ^ 
where R f is a perfluoroalkyl group having 1 -6 carbon atoms, m=0 or 1, n=0-5 and Z=F or 

Preferred members of this class are those in which R f is C 3 F 7 , m=0 and n=l 
30 Additional perfluoro(alkyl vinyl) ether monomers useful in the invention include 
compounds of the formula 
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CF 2 =CFO[(CF 2 CFCF 3 0) n (CF 2 CF 2 CF 2 0) m (CF 2 ) p ]C x F 2x+1 (IV) 
where m and n=l-10, p=0-3, and x=l-5. 

Preferred members of this class include compounds where n=0-l, m=0-l, and x=l. 
Examples of perfluoro(alkoxy vinyl) ethers useful in the invention include 
5 CF 2 =CFOCF 2 CF(CF 3 )0(CF 2 0) m C n F 2n+1 (V) 

where n=l-5, m=l-3, and where, preferably, n=l. 

Specific examples of useful perfluorovinyl ethers useful in the invention include 
CF 2 =CFOCF 2 OCF 2 CF 2 CF 3 , CF 2 =CFOCF 2 CF 3 , CF 2 =CFO(CF 2 ) 3 OCF 3 , and 
CF 2 =CFOCF 2 CF 2 OCF 3 . 

10 Mixtures of perfluoro(alkyl vinyl) ethers and perfluoro(alkoxy vinyl) ethers may 

also be used. 

Preferred copolymers are composed of tetrafluoroethylene and at least one 
perfluoro(alkyl vinyl) ether as principal monomer units. In such copolymers, the 
copolymerized perfluorinated ether units constitute from about 15-50 mole percent of total 
15 monomer units in the polymer. 

The cure site component used in the present invention is a halogen containing 
material that is capable of participation in a peroxide cure reaction. Typically the halogen 
is bromine or iodine. Suitable cure-site components include terminally unsaturated 
monoolefins of 2 to 4 carbon atoms such as bromodifluoroethylene, 
20 bromotrifluoroethylene, iodotrifluoroethylene, and 

4-bromo-3,3,4,4-tetrafluorobutene-L Examples of other suitable cure site components 
include CF 2 =CFOCF 2 CF 2 Br, CF 2 =CFOCF 2 CF 2 CF 2 Br, and 

CF 2 -CFOCF 2 CF 2 CF 2 OCF 2 CF 2 Br. Preferably, all or essentially all of these components 
are ethylenically unsaturated monomers. 
25 Other useful cure-site components are brominated or iodinated chain transfer 

agents and initiators. Examples of useful chain transfer agents include perfluoroalkyl 
bromides or iodides. Examples of useful initiators include 
Na0 2 SC 2 F 4 OF 4 X (where X is Br or I). 

Suitable peroxide curatives for use in the invention are those which generate free 
30 radicals at curing temperatures. A dialkyl peroxide or a bis(dialkyl peroxide) which 
decomposes at a temperature above 50° C is especially preferred. In many cases it is 
preferred to use a di-tertiarybutyl peroxide having a tertiary carbon atom attached to 
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peroxy oxygen. Among the most useful peroxides of this type are 2 ( 5-dimethyl-2 5- 
dKterfarybutylperox^hexyne-S and 2,5-dimethyl-2,5- di(terti a rybuty. P eroxy)hex a n e 
Other peroxides can be selected from such compounds as dicumyl peroxide, dibenzoyl 
peroxide, tertiarybutyl 

y perbenzoate, a,a'-bis(t-butylperoxy-diisopropylbenzene), and di[l,3-dimethyl-3-(t- 
butylperoxy).butyI]carbonate. Generally, about 1-3 parts of peroxide per 100 parts of 
perfluoroelastomer is used. 

Another material which is usually blended with the composition as a part of the 
curafve system is a coagent composed of a po.yunsaturated compound which is capable of 
cooperating with the peroxuie to provide a useful cure. These coagents can be added in an 
amount equal to 0. 1 and 10 parts per hundred parts perfluoroelastomer, preferably between 
2-5 parts per hundred parts perfluoroelastomer. Examples of useful coagents include 
tnally, cyanurate; triallyl isocyanurate; tn(methylal.yl isocyanurate; tris(diallylamine)-s- 
tnazme; triallyl phosphite; N,N-dial.yl acrylamide; hexaallyl phosphoramide- NNN'N 1 - 
tetraalkyl tetraphthalamide; N,N W - tetraal.yl malonamide; trivinyl isocyanurate- 2 4 6- 
tnvmy. methyltrisiloxane; and tri(5-norbornene-2-methylene)cyanurate. Particularly 
useful is tnallyl isocyanurate. 

Other useful coagents include the bis-olefins disclosed in EPA 0 66 1 304 Al EPA 
0 784 064 Al and EPA 0 769 521 Al . 

Additives, such as carbon black, stabilizers, plasticizers, lubricants, fillers and 
processing aids typically utilized in perfluoroelastomer compounding can be incorporated 
mto the compositions of the present invention, provided they have adequate stability for 
the mtended service conditions. In particular, low temperature performance can be 
enhanced by mcorporation of perfluoropolyethers (cf.U.S. Pat No. 5,268 405) 

Carbon black fillers are used in elastomers as a means to balance modulus tensile 
strength, elongation, hardness, abrasion resistance, conductivity, and processability of the 
compositions. Suitable examples include MT blacks (medium thermal black) designated 
N-991, N-990, N-908, and N-907, and large particle size furnace black, When used 1-70 
phr of large size particle black is generally sufficient. 

In addition, fluoropolymer fillers may also be present in the composition 
Generally, from 1 to 50 parts per hundred perfluoroelastomer of a fluoropolymer filler is 
used. The fluoropolymer filler can be finely divided, easily dispersed plastic 
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fluoropolymer that is solid at the highest temperature utilized in fabrication and curing of 
the perfluoroelastomer composition. By solid, it is meant that the fluoroplastic, if partially 
crystalline, will have a crystalline melting temperature above the processing 
temperature(s) of the perfluoroelastomer(s). Such finely divided, easily dispersed 
5 fluoroplastics are commonly called micropowders or fluoroadditives. Micropowders are 
ordinarily partially crystalline polymers. 

The method of this invention comprises the use of perfluorosulfinate and an 
oxidizing agent in a free-radical polymerization process. The polymerization process 
includes free-radical polymerization of monomers alone or as solutions, emulsions, or 

10 dispersions in an organic solvent or water. Polymerization in an aqueous emulsion or 
suspension is often preferred because of the rapid and nearly complete conversion of 
monomers, easy removal of the heat of polymerization, and ready isolation of the polymer. 
Emulsion or suspension polymerization typically involves polymerizing monomers in an 
aqueous medium in the presence of an inorganic free-radical initiator system and 

15 surfactant or suspending agent. 

Aqueous emulsion polymerization can be carried out continuously under steady- 
state conditions in which, for example, monomers, water, surfactants, buffers and catalysts 
are fed continuously to a stirred reactor under optimum pressure and temperature 
conditions while the resulting emulsion or suspension is removed continuously. An 

20 alternative technique is batch or semibatch polymerization by feeding the ingredients into 
a stirred reactor and allowing them to react at a set temperature for a specified length of 
time or by charging ingredients into the reactor and feeding the monomer into the reactor 
to maintain a constant pressure until a desired amount of polymer is formed. 

A class of the fluoroaliphatic sulfinates useful in this invention are found in U.S. 

25 patent No. 5,285,002 incorporated herein by reference and can be represented by the 
following general formulae 

R 3 f S0 2 M 1/x (VI) 

or 

R 2 f{S0 2 M 1/x ] n ( vn) 
30 wherein R 3 f represents a monovalent fluoroaliphatic radical having, for example, from 1 to 
20 carbon atoms, preferably 4 to 10 carbon atoms, R 2 f represents a polyvalent, preferably 
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divalent, fluoroaliphatic radical having, for example, fr om , to 20 carbon atoms 
preferably from 2 to 10 carbon atoms, M represents a hydrogen atom or cation with 
valence x, which is 1 to 2, and is preferably 1, and n is 1 to 4, preferably 1 or 2. 

The monovalent fluoroaliphatic radical, R3 f is a fl UO rinated, stable, inert, non- 
polar, saturated moiety. It can be straight chain, branched chain, and, if sufficiently large 
cychc, or combinations thereof, such as alkyl cycloaliphatic radicals. Generally, R 3 f W H, 
have 1 to 20 carbon atoms, preferably 4 to 10, and will contain 40 to 83 weight percent 
preferably 50 to 78 weight percent fluorine. The preferred compounds are those in which 
the R 3 f group is fully or substantially 

comply fl„ oriimedj „ in the „ where R3f |s perfluoroalky , ^ 
20. 

The polyvalent, preferably divalent, fluoroaliphatic radical, Ri f is a fluorinated, 
stable, inert, non-polar, saturated moiety. It can be straight chain, branched chain and if 
sufficently large, cyclic or combinations thereof, such as alkylcycloaliphatic diradicals 
Generally, R2 f wi „ have , t0 20 carbon ^ 2 ^ ^ ^ 

compounds are those in which the R2 f group is p erfluoroalkylene> ^ where ^ 
20, or perfluorocycloalkyi, C n F 2n , where n is 5 to 20. 

With respect to either R3 f or R2 f the skeletal chain of carbon atoms can be 
interrupted by divalent oxygen, hexavalent sulfur or trivalent nitrogen hetero atoms, each 
of whtch ,s bonded only to carbon atoms, but preferably where such hetero atoms are 
present, such skeletal chain does not contain more than one said hetero atom for every two 
carbon atoms. An occasional carbon-bonded hydrogen atom, iodine, bromine, or chlorine 
atom may be present; where present, however, they preferably are present not more than 
one for every two carbon atoms in the chain. Where R3 f or R 2 f is or a cydjc 

structure, such structure preferably has 6 ring member atoms, 1 or 2 of which can be said 
hetero atoms, e.g., oxygen and/or nitrogen. Examples of R3 f radicals are fluorinated alkyl, 
eg., C 4 F 9 ~, C 6 F 13 ~, C 8 F 17 ~, alkoxyalkyl, e.g., C 3 F 7 OCF 2 ~. Examples of R2 f are 
fluorinated alky.ene, e.g., ~C 4 F 8 ~, -C 8 F 16 -. Where R3 f » designated as a specific 
radtcal, e.g., C 8 F 17 -, it should be understood that this radical can represent an average 
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structure of a mixture, e.g., C 6 F 13 - to C 10 F 21 ~, which mixture can also include branched 
structures. 

Representative fluoroaliphatic sulfinate compounds useful in the method of this 
invention include the following: 
CF 3 S0 2 Na 

C 4 F 9 S0 2 H 

C 8 Fi 7 S0 2 Na 

CF 3 C(C1) 2 CF2S0 2 K 

Cl(CF 2 ) 8 OC 2 F 4 S0 2 Na 

Cl(CF 2 ) x CF 2 S0 2 Na, where x is 0,1,3,4,7,9 

Na0 2 SC 8 F I6 S0 2 Na 

Na0 2 SC 6 F 12 S0 2 Na 

Na0 2 SC 2 F 4 OC 2 F 4 S0 2 Na 

Na0 2 SC 2 F 4 OC 2 F 4 X, where X is Br or I 

Na0 2 S[C 4 F 8 0] n C 3 F 6 S0 2 Na 

Na0 2 SCF 2 0(CF 2 CF 2 0) m (CF 2 0) n CF 2 S0 2 Na 

(CF 3 ) 2 NCF 2 CF 2 S0 2 Na 

(C 2 F 5 ) 2 NCF 2 CF 2 S0 2 Na 

N(C 2 F 4 S0 2 Na) 3 

Na0 2 SC 8 F 16 S0 2 F 

Na0 2 SCF 2 CF 2 -riTVcF 2 CF 2 S0 2 Na 



Na0 2 SC 3 F 6 0(C 4 F 8 0) n C 3 F 6 S0 2 Na where n is 4 to 8. 

Combinations of monosulfinates, disulfinates, and trisulfinates can be used, 
depending on whether it is desired to use sulfinate as an initiator, a monomer, or both. 
When polyvalent sulfinates, such as those represented by Formula VII, are used, the 
sulfinate is a monomer and the fluorinated moiety is incorporated into the polymer 
backbone. When monosulfinates are used the fluorinated moiety is incorporated as a 
polymer end group. 
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The amount of fluoroaliphatic sulfinate used in the method( S ) of the invention can 
vary, dependmg, for example, on the molecular weight of polymer desired. Preferably the 
amount of fluoroaliphatic sulfinate is from 0.01 to 50 mole %, and most preferably from 
0.05 to 10 mole •/., of sulfinate compound based on total quantity of monomers 

In addition to the sulfinate, other reducing agents can be present, such 
as sodium, potassium or ammonium sulfites, bisulfite, metabi sulfite, hyposulfite 
thiosulfite, phosphite, sodium or potassium formaldehyde sulfoxylate or hypophosphite 
Activators such as ferrous, cuprous, and silver salts, may also be present. 

The oxidizing agent used in the method of the invention is water soluble and is 
capable of converting the sulfinate to a sulfonyl moiety. The sulfonyl radical produced in 
the method of the invention is believed to eliminate S0 2 and form a fluorinated radical 
that initiates the polymerization of the ethylenically unsaturated monomers. 

A number of useful oxidizing agents are known as taught in U.S. Patent 5 285 002 
Representative examples of such useful oxidizing agents are sodium, potassium and ' 
ammonium persu.fates, perphosphates, perborates, percarbonates, bromates, chlorates and 
hypochlorites. Other useful oxidizing agents include cerium IV compounds such as 
(NH4) 2 Ce(N0 3 ) 6 . It is understood that this list of oxidizing agents is exemplary only. 
One of ordinary skill in the art will recognize that there are other oxidizing agents useful 
m the invention based upon this disclosure. 

The amount of oxidizing agent used can vary depending on the particular oxidizing 
agent and sulfinate employed. Typically an equimolar amount or less (based on the 
amount of sulfinate) is used. 

The curable compositions of the present invention may be prepared by mixing a 
perfluoroelastomer, a peroxide curative, and other additives in conventional rubber 
processmg equipment. Such equipment includes rubber mills, internal mixers, such as 
Banbury mixers, and mixing extruders. 

Prior to the present invention, it was difficult to prepare compositions containing 
perfluoroelastomer. Typically the compositions required the use of heated processing 
equipment to keep the compositions from forming crumbly masses. The 
perfluoroelastomer compounds of this invention do not require the use of heated rolls or 
processmg equipment during compounding. They can be prepared at ambient 
temperatures without forming a cmmbly mas, The substantial lack of reactive end groups 
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on the perfluoroelastomers is at least partially responsible for this. The substantial lack of 
these groups minimizes reactive problems, such as exotherm or significant viscosity 
increase during addition of acid acceptors. The lack of compound viscosity increase 
prevents problems with flow and filling of mold cavities. The ability to compound at lower 
5 temperatures minimizes the problem of premature onset of the cure or crosslinking 
reaction. 

The curable compositions of the present invention are useful in production of 
articles such as gaskets, tubing, and seals. Such articles are produced by molding a 
compounded formulation of the curable composition with various additives under 
10 pressure, curing the part, and then subjecting it to a post cure cycle. During the molding 
step, the perfluoroelastomers of the invention demonstrate an additional advantage. Lower 
viscosity is evidenced by faster mold filling or the lower pressures required. Improved 
mold release is apparent when removing the press cured part or injection molded part from 
the mold. The cured compositions have excellent thermal stability and chemical 
15 resistance. They are particularly useful in applications such as seals and gaskets for 

manufacturing semiconductor devices, and in seals for high temperature automotive uses. 

The following examples will further demonstrate the present invention. In these 
examples, the properties were tested as follows. 

Mooney viscosity was determined by ASTM D 1646-96 (ML 1+10@121°C). 
20 Results are reported in Mooney units. 

Cure Rheology Tests were run on compounded admixtures using a Monsanto Moving 
Die Rheometer (MDR) Model 2000 in accordance with ASTM D 5289-95 at 177°C, no 
preheat, 12 minute elapsed time (unless otherwise specified) and a 0.5° arc. Values were 
obtained for Minimum torque (ML), Maximum torque (MH), i.e., highest torque attained 
25 during specified period of time when no plateau or maximum was obtained, were measured. 
Also reported were: t s 2 (time for torque to increase 2 units above ML), t'50 (time for torque 

to reach ML + 0.5[MH-ML]), and t'90 (time for torque to reach ML + 0.9[MH-MH]). 
Torque is reported as deci Newton meters (dNm). 

Press-cured samples (150 x 150 x 2.0 mm sheets, unless otherwise noted) were 
30 prepared for physical property determination by pressing at about 6.9 MegaPascals (MP A) 
for the indicated amount of time and temperature. 
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Post-cured samples were prepared by placing a press-cured sample in a circulating air 
oven. The oven was maintained at the indicated temperatures and the samples treated for the 
indicated amount of time. 

Force per unit area is reported as Mega Pascals (MPa). 
Physical properties were obtained according to ASTMD-412 and Hardness was 
obtained according to ASTM D 2240. 

Compression sets were determined by ASTM D 395-89 Method B with 0. 1 39 inch 
(3.5 mm) O-rings compressed for 70 hours at 200°C. Results are reported as %. 
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EXAMPLE 1 

Several fluoropolymers were prepared in a manner similar to Example 1 of U S 
Patent No. 5,285,002 except the monomers and other ingredients used are as listed below 
m gram weight quantities. The monomers used were tetrafluoroethylene (TFE), 
perfluoromethyl vinyl ether (PMVE) and bromotrifluoroethylene (BTFE). (NH^Og 
was identified as APS. The fluorochemical sulfmate (C 4 F 9 S0 2 Na) was prepared as 
discussed in U.S. Patent No. 5,285,002. 



Deionized (DI) water: 
C 7 F 15 COONH 4 : 

K 2 HP0 4 : 

C 4 F 9 S0 2 Na: 

Precharge monomers: 
TFE. 



25 PMVE: 
BTFE. 



APS injected: 

Runtime monomer fed: 
TFE: 



30 PMVE: 
BTFE: 



Comparative 
Polymer A 

2,777 

15.9 

10 



142 
342 

3.9 
2 



662 
496 
9.7 



Polymer A 

2,774 
15.9 

10 
4 



140 
331 
3 
3 



664 
497 

9.9 
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The polymerizations were run at 60° C for 651 minutes for Comparative Polymer A and 
71° C for 262 minutes for Polymer A. Both polymerizations were run at a pressure of 16 
bar. 

In both cases a water clear transparent polymer latex was obtained. The latex was 
5 coagulated using 30 g A1 2 (S04)3^18H 2 0 in 1000 mL DI water. The polymers were 

filtered, washed several times with hot DI water and dried overnight in a circulating air 
oven at 1 00° C to form polymer gums. 

The Mooney Viscosity (ML1+10 @ 121° C) of Comparative Polymer A was 76 
and for Polymer A was 96. 

10 One hundred parts by weight of each polymer gum was compounded by adding 15 

parts by weight (phr) N990 carbon black, 5 phr zinc oxide, 1.5 phr Luperco™ 101 XL 
organic peroxide from Atochem and 2 phr trial lylisocyanate-Dry Liquid Concentrate 
(TAIC-DLC; 72% active), available from Harwick, to each polymer gum. 

Polymer A was compounded in a conventional manner on a two-roll rubber mill. 
15 The Comparative Polymer A had to be compounded on a heated (50-70° C) two-roll mill 
because it was crumbly and turned powdery if it was compounded in a conventional 
manner (i.e., using standard or unheated conditions). 

Table 1 shows the rheological data obtained from the MDR testing. 

Table 1 

20 MDR (177°Q Comparative 

Compound A Compound A 

ML(dNm): 5.1 30 

MH (dNm); 26 20 

t s 2 (min.): 0.44 0.48 

25 t'50(min.): 0.65 0.68 

t'90(min.): 1.51 1.76 

As can be seen from the MDR data, Comparative Compound A showed a 
significant increase in ML (a measure of compound viscosity) compared to the Compound 
A, even though the Mooney viscosity of Comparative Polymer A was lower than that of 

30 Polymer A. In other words, even though the raw polymer viscosity of Comparative 

Polymer A was lower than that of Polymer A, the addition of the fillers, acid acceptors and 
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curatives made the compound viscosity of Comparative Compound A rise above that of 
Compound A. 

The data shown in Table 2 was obtained after the compounds were cured. 
Comparative Compound A was press cured at 1 50°C for 10 minutes followed by post 
curing for 16 hours at 150°C and further post curing for 8 hours at 200°C. Compound A 
was press cured at 177°C for 10 minutes followed by post curing at 200°C for 20 hours. 
Attempts to cure and post cure the Comparative Compound A in the same manner as 
Compound A failed due to warping and formation of fissures in the test sample. 

Table 2 

Comparative 

Compound A Compound A 

Tensile Strength (MPa): 2 4 5 19 6 

Elongation at break (%): 165 13fi 

100% modulus (MPa): M j n ? 

Hardness (shoreA): 87 8Q 

Compression set O-rings, 70 hrs@ 200 °C: 42% 20% 

The compression set resistance of Compound A was significantly better than that 
of Comparative Compound A. Comparative Compound A also required heated rolls for 
compounding, a lower press cure temperature and a two-stage postcuring. 

EXAMPLE 2 

These samples were made to demonstrate the reactivity of the polymer when 
compounding with a base or acid acceptor. 

Polymer B was prepared in a manner similar to Polymer A except that no BTFE 
was used, 4 g of APS and 5.4 g C 4 F 9 S0 2 Na were used, and the polymerization was run at 
11.6 bar pressure. 

Comparative Polymer B was prepared in a manner similar to that of Polymer B 
except that no sulfinate was used, only 1 g of APS was used, and the polymerization was 
run at 1 1.0 bar pressure. 

The Mooney Viscosity (ML1+10 @ 121° Q of Polymer B was 38 and 
Comparative Polymer B was 73. 

Comparative Polymer B was milled with 1 5 phr MT N990 carbon black and 6 phr 
Ca(OH) 2 . The combiniation of ingredients started to exotherm and formed a crumbly 
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compound during milling. When the resulting Comparative Compound B was examined 
by MDR at 177° C, the torque of the crumbly compound increased from the initial 3.4 
dNm to 17 dNm within 30 seconds and kept rising to 20 dNm in 10 minutes. 

Polymer B was compounded with the same additives as was Comparative 
Compound B. The combination of ingredients remained as a viscous sheet on the mill and 
showed less then 1 . 1 dNm torque rise over 8 minutes on the MDR at 
177° C. 

These results demonstrate the substantially lower reactivity of the compound of the 
invention when adding basic ingredients, such as acid acceptor. This difference is 
apparent even in compounds where no cure site component is present. 



15 



WO 99/48939 

PCT/US99/03490 

WHAT IS CLAIMED IS: 



1 ■ A peroxide curable perfluoroelastomer compound that is easily processable 
comprising: 

A) a perfluoroelastomer substantially free of ionizable end groups, said 
perfluoroelastomer containing interpolymerized units derived from 
1) a perfluoroolefin, 2) a perfluorovinyl ether selected from the 
group consisting of perfluoro(aIkyl vinyl) ethers, perfluoro(alkoxy 
vinyl) ethers, and mixtures thereof and 3) a cure site component 
containing a halogen group capable of participation in a peroxide 
cure reaction, selected from the group consisting of fluorinated 
olefins having at least one such halogen group, fluorinated vinyl 
ethers having at least one such halogen group, chain transfer agents 
containing at least one such halogen group, and initiators containing 
at least one such halogen group, and mixtures thereof; with the 
proviso that the cure site component contains substantially no nitrile 
groups, and 

B) a peroxide curative. 

2. A peroxide curable perfluoroelastomer compound according to Claim 1 
wherein the perfluorovinyl ether is selected from the group consisting of perfluoromethyl 
vinyl ether, perfluoroethyl vinyl ether, and perfluoropropyl vinyl ether. 

3. A peroxide curable perfluoroelastomer compound according to Claim 1, 
wherein the halogen of the cure site component is bromine or iodine. 

4. A peroxide curable perfluoroelastomer according to Claim 1 , wherein the 
perfluoroelastomer is substantially free of ionizable end groups selected from the group 
consisting of carboxylate or carboxylic acid end-groups and sulfonate or sulfonic acid end 
groups. 
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5. A method for improving the processability of perfluoroelastomers, 
comprising: polymerizing, under free-radical conditions, an aqueous emulsion or 
suspension of a polymerizable mixture comprising a perfluoroolefin and a perfluoroalkyl 
vinyl ether or a perfluoroalkoxy vinyl ether and mixtures thereof, a halogen-containing 
cure-site component that is capable of participation in a peroxide cure reaction, a 
fluoroaliphatic-radical containing sulfinate, and an oxidizing agent capable of oxidizing 
said sulfinate to a sulfonyl radical, with the proviso that the cure site component contains 
substantially no nitrile groups. 

6. A method for improving the processability of perfluoroelastomers, 
comprising: polymerizing, under free-radical conditions, an aqueous emulsion or 
suspension of a polymerizable mixture comprising a perfluoroolefin and a perfluoroalkyl 
vinyl ether or a perfluoroalkoxy vinyl ether and mixtures thereof, a bromine-containing or 
iodine-containing cure-site component, a fluoroaliphatic-radical containing sulfinate, and 
an oxidizing agent capable of oxidizing said sulfinate to a sulfonyl radical. 

7. A shaped article comprising the peroxide curable perfluoroelastomer 
compound of Claim 1. 



8. A peroxide curable perfluoroelastomer compound according to Claim 7 
wherein the perfluoroolefin is tetrafluoroethylene, the perfluoro vinyl ether is 
perfluoromethyl vinyl ether. 

9. A peroxide curable perfluoroelastomer compound according to Claim 1 
wherein the cure-site component is said chain transfer agent. 

10. A peroxide curable perfluoroelastomer compound according to Claim 1 
wherein the cure site component is said chain transfer initiator. 



17 



INTERNATIONAL SEARCH REPORT 



lm\ ational Application No 

PCT/US 99/03490 



According to International Patent Classification MFC) or to both national dassificat.on and IPC 
B. FIELDS SEARCHED 
Minimum documentation searched (edification system followed by creation symbols) 



Documentation searched other than minimum documentation to ml 



extent that such documents are included in the fiefds searche" 



Electronic data base consultsd during the international 



search (name of data base and, where practical, search terms' 



used) 



C. DOCUMENTS CONSIDERED TO 8E RELEVANT 



Category ° 



Citation of document, with indication, where appropriate, of the 



relevant passages 



WO 97 02300 A (DU PONT) 23 January 1997 

see page 5, line 11 - line 29; claims 1-7- 
examples 6-21 ' 

FR 2 305 462 A (DU PONT) 22 October 1976 
see examples 1,2 

US 5 285 002 A (GR00TAERT WERNER H) 

8 February 1994 

cited in the application 

see examples 



| | Furth9r <**uments are listed fn the continuation of box C. 
• Special categories of cited documents : 

•A" document defining the general state of the art which is not 
considered to be of particular relevance 

"L" document which may throw doubts on priority claimfsior 

SS-*^ l ° 9Stab,fsh the P^»cation date 5 ano h e r 
citation or other special reason (as specified) 

"°" d X?me^ exhibition or 

" P " d SSr m tS?n^h b,i ^ e l pr i 0r t0 the W«»naMonal filing date but 
later than the pnonty date claimed 



Date of the actual completion of the international search 

29 April 1999 

Name and mailing address of the ISA 

£ rT*£™ u^ 6 2! 0ff,Ce ' P B - 5818 Patentlaana 
NL - 2280 HV Rljswijk 

Tel. (+31-70) 340-2040, Tx. 31 651 epo nl, 

Fax: (+31-70) 340-3016 ^ 



Relevant to claim No. 



1,2,4-6, 
8 



1-4 



1-10 



|X I Patent family members are listed 



in annex. 



' T ' ^To^^l^n^^^ '"ntemational filing date 
%SS ST* ? and not ,n conf,ict w «h the application but 

d S D e°L P m^ ^ntion 
cannot be considered novel or cannot be considered to 
.nvolve an mventive step when the documents taTen alone 

^^^r^^J? 1 ^^^^ 1 ^ i™>ntion 
cannot be considered to involve an inventive steD when tho 

merTuch SEP"? W l h 0ne 0r ««^r1S*^ 
Sthe krt comt>,nat,on be ' n 9 obvious to a person skilled 

'&" document memb er of the same patent family 
Date of mailing of the international search report 



10/05/1999 

Authorized officer 



Form PCT7ISA£10 (second sheel) (July t992) 



Friederich, P 



INTERNATIONAL SEARCH REPORT 

Information on patent family members 



Int. itionaJ Application No 

PCT/US 99/03490 



Patent document 




Publication 




Patent family 




Publication 


cited in search report 




date 




meniber(s) 




date 


WO 9702300 


A 


23-01-1997 


IK 


5639837 A 


17-06-1997 






FP 


0835270 A 


15-04-1998 


FR 2305462 


A 


22-10-1976 




4035565 


A 


12-07-1977 






All 
nU 


1239876 


A 


1 *5 in i nT*v 

13-10-1977 






DC 


840099 


A 


27-09-1976 






PA 


1076298 


A 


22-04-1980 






PA 


1094247 


A 


20-01-1981 








2612360 


A 


on n n -t /\ ~ » 

30-09-1976 








2659972 


C 


11-05-1983 






UK 


135176 


A,B, 


28-09-1976 






UK 


571777 


A,B, 


21-12-1977 






bb 


1528341 


A 


11-10-1978 






PR 
UD 


1528342 


A 


11-10-1978 






t r 
XL 


42664 


R 


24-09-1980 






it 


42665 


B 


24-09-1980 






IP 

Or 


925455 


C 


22-09-1978 






IP 

Or 


51129481 


A 


11 14 *t ™ J 

H-ll-1976 






IP 


53004115 


B 


14-02-1978 






jp 


967146 


C 


26-07-1979 






jp 


52081360 


A 


07-07-1977 






jp 


54001585 


B 


26-01-1979 






LU 


74645 


A 


28-01-1977 






NL 


7603217 


A,B 


29-09-1976 






NL 


7810787 


A,B 


30-03-1979 






SE 


410001 


B 


17-09-1979 



US 5285002 



08-02-1994 



AU 6094594 A 
CA 2156722 A 
CN 1119870 A,B 

DE 69405859 0 

DE 69405859 T 
EP 0690880 A 
JP 8508062 T 
W0 9421697 A 
US 5378782 A 



11-10 

29- 09- 
03-04- 

30- 10- 
20-05- 
10-01- 
27-08- 
29-09- 
03-01- 



1994 
1994 
1996 
1997 
1998 
1996 
1996 
1994 
1995 



Form PCT/IS A/210 (patent family annex) (Jury 1992) 



- ;.V 



